The interaction between mammary epithelial and stromal tissue is considered to be important in breast tissue development. In this study, we developed a transplantation procedure for the mammary stromal fibroblastic cell line (MSF) to examine its life in vivo. First we established MSF cells which stably expressed lacZ (lacZ/MSF) and had characteristics of mammary stromal cells. The lacZ/MSF cells were then transplanted into a cleared mammary fat pad of syngenic mice with and without mammary primary epithelial organoids. Whole mount X-gal and carmine staining of the transplants revealed that a number of undifferentiated lacZ/MSF cells survived around the mammary epithelial tissue when transplanted with organoids. These results indicate that transplantation of MSF cells into mammary fat pad was accomplished by cotransplantation with primary mammary organoids. Finally, we discuss the application of transplantation procedure for in vivo studies of the mammary stromal tissue development and stromal-epithelial interactions.
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The interaction between mammary epithelial and stromal tissue has long considered important for both mammary epithelial and adipose/stromal tissue development and carcinogenesis. [1] [2] [3] [4] [5] Many studies have been conducted to investigate the interaction between mammary stromal and mammary epithelial tissue. 1, [6] [7] [8] [9] [10] [11] [12] [13] Those studies, however, mainly contributed to an understanding of stromal effects on mammary epithelial cells. Hence, the characteristics of mammary stromal cells and their differentiation into the mammary stromal components are poorly understood. 14, 15) One of the difficulties in studying mammary stromal cells is a lack of useful models for in vitro and in vivo studies. The primary culture of mammary stromal cells from the rat mammary gland was previously used as a model for mammary stromal cells. However, the usefulness of a primary culture is generally limited by the difficulty in maintenance of successive cultures due to cell senescence. Avoiding that inconvenience, several commonly used preadipocyte cell lines, such as 3T3-L1 and 3T3-F442A cells, which were established from mouse embryonic fibroblasts, have also been used as a model for preadipocytes [16] [17] [18] [19] or mammary stromal cells. 14, 20) Even though these cell lines have contributed to reveal the mechanisms of adipogenic differentiation and interactions between mammary stromal cells and epithelial cells, distinct phenotypes of those cell lines from primary preadipocyte have also been reported. 16, 19, 21) In addition, the site-specific characteristics of adipose tissue have been gradually uncovered in recent studies. [22] [23] [24] [25] This fact indicates that site-specific analysis is important in future studies of adipose/stromal tissue.
To understand the site-specific characteristics of mammary stromal tissue and analyzing stromal-epithelial interactions, we have established a novel cell line (MSF) that possesses the characteristics of mammary stromal cells. 26) The MSF cells differentiate into preadipocytes or mature adipocytes under the stimulation with lactogenic hormones. Moreover, their differentiation into mature adipocyte was suppressed by putative factors secreted from mammary epithelial HC11 cells. 26) This suggests that the differentiation of MSF cells into adipocytes is regulated by epithelialstromal interaction as well as lactogenic hormones in vitro. In this study, we transplantated MSF cells into the mammary fat pads to establish a transplantation procedure for MSF cells, and found that co-transplantation with primary mammary organoids was essential for successful transplantation of MSF cells into the mammary fat pad. We believe the results can be applied in future studies of mammary stromal cells in vivo and should provide new insight into mammary adipo/ stromal cells.
Materials and Methods
Animal care. Virgin female Balb/c mice (3 weeks old) and pregnant Balb/c mice (mid-pregnancy) were purchased from Japan SLC (Hamamatsu, Japan) and cared for according to the Nagoya University Guidelines for Animal Study. Cell culture. MSF cells were propagated in DMEM (Sigma, 4,500 mg glucose) supplemented with 10% FCS at 32 C, and 50-70% confluent MSF cells were used in further experiments. The cell culture in EHS extracellular matrix (Matrigel, BD Biosciences, Sparks, Md.) and induction of adipogenic differentiation was carried out as described previously.
26)
Establishment of lacZ/MSF cells. pMY-puro retrovirus vector and Plat-E packaging cells were kindly provided by Dr. Toshio Kitamura, the University of Tokyo. The lacZ gene was amplified with T7 and BGH reverse primers using the template plasmid (pEF1-myc-his-lacZ, Invitrogen, Carlsbad, CA) by polymerase chain reaction, and was cloned between the two BamHI sites of the pMY-puro vector, generating pMY-lacZ-puro (Fig. 1A) . pMY-lacZ-puro was introduced into Plat-E packaging cells by the calcium phosphate transfection method, and then conditioned medium containing the retroviruses was collected. MSF cells were incubated with the conditioned medium for 18 h and selected in the presence of 2 mg/mL of puromycin (Sigma-Aldrich, St. Louis, MO) for a week. Surving cells (lacZ/MSF) were collected and propagated in DMEM with 10% FCS at 32 C. Expression of lacZ was confirmed by X-gal staining.
X-Gal and Oil red O staining of lacZ/MSF cells. The cells cultured in EHS gel were fixed with 4% paraformaldehyde at room temperature for 20 min. After permeabilization with 0.5% Triton X-100 for 30 min, X-gal staining was performed as described previously. 27) After staining, the cells were washed twice with 70% ethanol and then counter-stained with Oil-red O (Sigma-Aldrich, St. Louis, MO) dissolved in 60% 2-butanol solution for 1 h at room temperature. After two washes with 70% ethanol, the cells were observed under a light microscope (IX71, OLYMPUS, Tokyo, Japan).
Preparation of primary mammary organoids, transplantation of lacZMSF cells into the mouse mammary fat pad, and whole-mount staining of the mammary gland. Mammary primary organoids were prepared from no. 4 inguinal mammary glands excised from mid-pregnant Balb/c mice by enzymatic digestion, as described previously. 28) In belief, the tissues were minced with scissors and digested in collagenase type I (Sigma-Aldrich, St. Louis, MO) for several h, followed by further incubation with Pronase E (Sigma-Aldrich, St. Louis, MO) for 30 min. After removal of undigested tissue, organoids were collected by centrifugation at 80 Â g for 1 min. All the organoids were inoculated onto a collagen I-coated 35-mm dish (BD Biosciences, Sparks, Md.) and maintained for 4 d in DMEM supplemented with 10% FCS, 5 mg/mL of insulin, and 1 mg/mL of hydrocortisone.
Alternatively, the organoids were immunostained with anticytokeratin 18 (K18) antibody as described previously 26) to confirm enrichment of the epithelial cells. After incubation for 4 d, the mammary organoids were detached from one dish and mixed with lacZ/MSF (1 Â 10 6 ) cells immediately before transplantation. The lacZ/MSF cells, the mammary organoids, or a mixture of them were transplanted into the cleared mammary fat pad, as indicated in Tables 1 and 2 . The cleared mammary fad pads were surgically prepared in the mammary gland of syngenic virgin female Balb/c mice (3 weeks old), as described in Fig 3. The transplanted mammary fat pads were excised from recipient mice after 5 weeks and analyzed by whole-mount carmine and X-gal staining, as described previously.
27)

Results and Discussion
Establishment of lacZ-expressing MSF cells (lacZ/ MSF) with the characteristics of mammary stromal cells
One of the possible ways to examine mammary stromal cells in vivo is transplantation of undifferentiated mammary stromal cells into the mammary gland. At the first step, we introduced the -galactosidase (lacZ) gene into MSF cells as a distinguishable marker for externally transplanted cells. 27) We constructed pMY-lacZ-puro retrovirus vector (Fig. 1A) , and lacZbearing retroviruses were prepared. Following infection and selection with puromycin, the surviving cells were collected. As shown Fig. 1B , several survived MSF cells were found to express lacZ. Next we examined the differentiation of the lacZ expressing MSF cells (lacZ/ MSF) by an in vitro culture system.
26)
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The lacZ/MSF cells were mixed with EHS extracellular matrix and stimulated with several combinations of lactogenic hormones (insulin, hydrocortisone, and prolactin) for 2 weeks. Co-staining with X-gal and Oil-red O revealed that the lacZ/MSF cells formed an endothelial-like network structure in the EHS gel without hormones or with insulin stimulation, and the endothelial-like formation was suppressed by hydrocortisone (Fig. 2) . Adipogenic differentiation was induced by co-stimulation with insulin and hydrocortisone as judged by appearance of the lipid droplets, and the addition of prolactin suppressed the formation of lipid droplets in the cells (Fig. 2) . These results are consistent with our previous studies of normal MSF cells, 26) suggesting that gene transfer to the MSF cells was easily achieved by retrovirus infection without loss of the characteristics of mammary stromal cells, and that lacZ/MSF cells can be a model of mammary stromal cells and, can be used in transplantation studies. The results also indicate that genetic modification of MSF cells can be easily achieved. Thus it is an in vitro and in vivo target for the molecular biology of mammary stromal cells.
Primary mammary epithelial organoids were necessary for successful transplantation of lacZ/MSF cells into the mammary fat pad
The transplantation of mammary epithelial cells into the mammary fat pad is a well established method of observing the development of mammary epithelial cells in vivo, and it has contributed to understanding the functioning of mammary epithelial cells. 27, [29] [30] [31] [32] [33] [34] Thus development of the transplantation procedure is also important for the study of mammary stromal cells in vivo. To this end, we investigated the conditions of transplantation of lacZ/MSF cells. In our previous study, it was found that adipogenic differentiation of MSF cells was suppressed by humoral factors from living mammary epithelial cells in vitro.
26) Hence, we attempted to transplant MSF cells into breast tissue from which the mammary epithelial tissue had been surgically removed (called, cleared fat pad). Since the mammary epithelial tissue of 3-week-old mice localized in the restricted area of the inguinal mammary fat pad, it could be easily removed from the surrounding mammary fat pad by surgical operation (Fig. 3) . After removal of the epithelial tissue, cells were transplanted into the cleared fat pad. By this strategy, we determined whether the epithelial tissue was developed from transplanted MSF cells. The original and normal MSF cells were cultured at 32 C or 37 C, and 1 Â 10 6 cells were then transplanted into the cleared mammary fat pad. At the same time, primary mammary epithelial organoids were transplanted to the fat pad as a positive control. As expected, no epithelial outgrowths were observed in the fat pads at 5 weeks post-transplantation, in which the MSF cells were transplanted. A typical observation is shown in Fig. 4a . On the other hand, primary mammary epithelial organoids regenerated the mammary epithelial tissue in the fat pad (Fig. 4b) . This suggests that the MSF cells did not include mammary epithelial stem/ progenitor cells, and that the cell line originated purely from mammary stromal cells.
Transplantation of lacZ/MSF cells was studied further. Six independent transplants were examined, but no lacZ positive adipocytes or stromal cells were detected in five of the six transplanted fat pads. The epithelial tissue was successfully removed from the five transplants by the cleared fat pad operation (Fig. 5  panels a and b) . In one transplant, some lacZ positive cells were observed around the mammary epithelium, which was regenerated, probably because the cleared fat pad operation was insufficient. In particular, lacZ positive cells were found around the terminal end bud (TEB) of the ductal epithelial tissue (Fig. 5 panels c and  d) . Normal mammary glands were also stained with X-gal and carmine and observed as above (Fig. 5 panel  e) . Those mammary glands did not contain the cells stained with X-gal, confirming that the cells stained with X-gal in the transplant was not given by endogenous galactosidase activity.
To determine whether transplanted lacZ/MSF cells are able to survive with epithelial tissue in mammary fat pad, we performed co-transplantation with primary mammary organoids. First mammary epithelial organoids were prepared from a different number of mammary glands in mid pregnancy, and were all transplanted into one mammary fat pad. Then reconstitution of the lacZ expressing MSF cells (lacZ/MSF) were cultured in EHS gel, and stimulated with several combinations of lactogenic hormones (I, insulin; HC, hydrocortisone; and P, prolactin), as described in Materials and Methods. After incubation for 2 weeks, the cells in the gels were stained with X-gal and Oil-red O. Scale bar, 100 mm. mammary epithelial tissue was examined. Mammary outgrowths were observed when the organoids prepared from two or more mammary glands were transplanted to one cleared fat pad (Table 1) . Secondly, we mixed lacZ/ MSF cells with mammary organoids from one or three mammary glands (the condition without and that with epithelial reconstitution respectively), injected into cleared fat pads of 3-week-old mice. The transplanted tissues were analyzed as above. As shown in Table 2 , reconstitution of mammary epithelial tissue was observed in the two transplants in which the mammary organoids from three mammary glands were transplanted, and both transplants included lacZ positive cells around the reconstituted epithelial tissues (Table 2 and Fig. 6 ). In contrast, the remaining two transplants, in which no epithelial outgrowths were observed, did not include any lacZ positive cells. The lacZ/MSF cells repopulated around the reconstituted ductal epithelium, especially around TEB (Fig. 6) . These results are consistent with the results shown in Fig. 5 , and clearly suggest that mammary epithelial tissue is necessary for successful transplantation of lacZ/MSF cells into the mammary fat pad.
Even though suppression of adipogenic differentiation of MSF cells by mammary epithelial cell line was found in vitro, 26) our results indicate that mammary epithelial cells were essential for the survival of transplanted MSF cells in vivo. Site-specific localization of lacZ/MSF cells around epithelial tissue suggests that there are tight interactions between MSF cells and mammary epithelial cells in vivo. We speculate that such tight interaction between MSF cells and mammary epithelial cells plays roles in the survival of undifferentiated MSF cells around the mammary epithelial tissue. Although the mechanisms of the survival of undifferentiated MSF cells with epithelial tissue were not sufficiently addressed in this study, we speculate that IL-6 was one of the key for this process. IL-6 has been reported to inhibit adipogenic differentiation, 35, 36) and it also appears to act as a growth factor for mesenchymal stem cells. [37] [38] [39] [40] We have reported that IL-6 expression in MSF cells was kept high when the cells were cultured in conditioned medium from HC11 mammary epithelial cells.
26) The site-specific localization of the lacZ positive cells might indicate the niche of mammary adipocyte/stromal progenitor cells. The presence of tissue-specific stem/ progenitor cells has been reported in wide variety of the adult tissues, 41) and they are maintained in an undiffer- entiated state in the appropriate niche. 42) Therefore, in mammary adipose/stromal tissue, TEB might be a niche of mammary adipocyte/stromal progenitor cells.
In this study, we investigated a transplantation procedure for MSF cells into the cleared fat pad, and we successfully transplanted them with primary mammary organoids. The development of this transplantation method for MSF cells can applied in in vivo analysis as discussed below.
Mammary gland involution is closely related to the development of mammary adipo/stromal tissue. It is known that a large number of epithelial cells go apoptosis during mammary gland involution. Contrary to epithelial cells' apoptosis, adipocytes promptly reappear during involution. 14, 43) The regulation of this mechanism is largely unknown. Based on our previous in vitro studies, 26) MSF cells are a useful model for developmental studies of mammary adipocyte or analysis of stromal-epithelial interactions. Thus transplantation of MSF cells into the mammary fat pad might provide a good understanding of that phenomenon.
Conversion of the paracrine signaling from mammary stromal cells by obesity or dietary habit might be closely related to mammary gland development or carcinogenesis. It has been reported that obesity increases the size of mammary adipocytes and that those large adipocytes affect mammary gland development and differentiation. 44) Several studies have suggested that obesity increases breast cancer risk. 45, 46) Moreover, a recent report stated that a dietary ingredient, soy protein isolate, regulated paracrine signaling from mammary stromal cells. 47) This implies that a dietary ingredient might affect the differentiation of mammary epithelial tissue or malignant transformation via stromal-epithelial interaction. Those important paracrine effects from mammary stromal cells might be analyzed in vivo by transplanting of genetically modified MSF cells.
In conclusion, we have developed a novel transplantation system for the MSF mammary adipocyte/ stromal progenitor cell line. This method can be applied in in vivo studies of mammary stromal cells. We believe it will prove useful in studies of mammary stromal cells. Table 2 . The transplants were processed as described in the legend to Fig. 5 . Panel a is an example of the reconstituted epithelial tissue in experiment 3 in Table 2 . Three areas in panel a (indicated by squares and numbers) are magnified in panel b for area 1, c for area 2 and d for area 3. Arrowheads represent lacZ positive cells around the reconstituted epithelial tissue. Scale bar, 100 mm.
